The rapid growth of population combined with rising levels of consumption and pollution has increased water insecurity in urban India. The depleting water sources on the one hand, higher financial and technological costs to refine and transport water from far off sources on the other, leave limited possibilities to augment the water supply in the near future. Climate change may further adversely impact the available sources of fresh water supply. Intra-urban and inter-class water supplies are also issues in Indian towns and cities. A large section of population in urban India collects water from public and private sources located far away from their residence and bears direct and indirect enormous opportunity cost. The present paper discusses these aspects of water security and sustainability in urban India and highlights monitory and social costs of collection of water located away from premises.
Introduction
Fresh water has been one of the most affected resources of the planet by the present mainstream model of development. Its limited availability in many parts in India has led to its appropriation by dominant class and cities. The appropriation often includes the sources that were traditionally used by the rural communities for their 'subsistence'. This in turn has increased tension and disputes at different levels for sharing and command of water resources. The urban system expansion presents one of the biggest challenges that human kind has ever had to tackle. The concentration of economic activities and population in limited geographic areas puts enormous stress on natural resources like fresh water (Shaban and Sharma, 2007) . In India, the drinking water availability situation is already grim in urban centres in general and megacities in particular. The limited available sources, higher financial and technological costs to refine and transport water from far off sources constrain the augmentation of water supply. Added to these are the limited after use and lackadaisical institutional response to encourage and promote recycle and reuse of water. Unregulated withdrawals leading to rapid decline in groundwater levels have already created scary situations in and around many urban centres (Soni, 2003) . Climate change may further affect the availability of sources of fresh water supply. Intra-urban and inter-class water supplies are also issues. These are often the lower income group (LIG) and unregulated areas which bear the brunt of increasing water scarcity. A large section of population in urban India collects water from public and private sources located far away from their residence and thus incurs direct and indirect enormous opportunity costs, while many buy water like any other commodity on daily basis. The present paper discusses water security and sustainability in urban India in these contexts. The rest of the paper is divided into four major sections. We first discuss the causes and dimensions of water insecurity in urban India, followed by social and economic impacts of water insecurity and its non-availability at residential premises. The possible impacts of climate change on urban water supply are examined next. The last section concludes the paper.
Causes and dimensions of water insecurity in urban India
The water security can be defined as the ability of different section of population to access sufficient quantities of clean water to maintain adequate standards of food, sanitation, health and production of goods (Institute for the Analysis of Global Security, 2004) . In other words, water security means that every person has access to enough safe water at an affordable cost to lead a healthy and productive life and that the vulnerables are protected from the risks of water related hazards (Ministerial Declaration of The Hague, 2000) . The affordable price dimension of water security in urban context also involves supply of water at premises, as the time, health and other social costs of collecting water from outside the premises are substantially higher. The water availability for public purpose, like fire tenders, greening, parks, sport complexes, and sustenance of cultural-ecologies in urban areas are also essential. Several factors like rapid growth of population in urban centres, particularly in big cities, limited sources to augment water supply, increased demand and pollution, limited recycle and reuse, discussed below, have led to a rising water insecurity in urban centres in the country. The climate change possibility and its likely adverse impact on water availability further portray a bleak picture of sustaining water supply to urban centres in future.
Rapid growth of urban population
The rapid growth of the urban population has become one of the most striking demographic characteristic of India. The urban population was only 26 million (10.8% of total population) in 1901, increased to 62 million (13.9%) in 1951, 285 million (27.8%) in 2001, and the provisional data available from census 2011 (Census of India, 2011) shows that the urban population has increased to 377.12 millions (31.16%). The decadal growth rate of urban population was 27.7% during 1901 to 1951, but increased to 84.7% during 1951 to 2011. As can be seen from abovementioned data, in percentage terms the urban population in India is relatively small, but in terms of absolute number, it is very large. The rapid growth of urban population in incoming years is expected and by the year 2026 the urban population in India is expected to reach 534.8 millions (Census of India, 2006) .
Besides rapid growth of population, the following characteristics of urbanisation and urban development in India also adversely affect the sustainable and effective provision of water supply:
1 the poverty led urbanisation and so subsistence nature of urbanisation 2 excessive concentration of population in megacities (Table 1) 3 poor quality and capacity of urban local governance to manage the increasing population (leading to slummisation of cities), and address the infrastructural needs like water supply 4 the lack of effective delegation of power to the urban local bodies (ULBs) by the Central and State governments to enhance their capacity (jurisdictional and financial) to overcome the problems like water insecurity (see also Lundqvist et al., 2003) . I  II  III  IV  V  VI  I  II  III  IV  V  IV   1901  24  43  130  391  744  479 Notes: I = population 100,000 and above; II = 50,000 to 99,999; III =20,000 to 49,999; IV = 10,000 to 19,999; V = 5,000 to 9,999; VI = less than 5,000. Source: Census of India, various census years
Present scenario in urban water supply
Most of the towns in India show water distress due to one or other reasons. Only a small number of towns located in lower Gangetic plain on unconsolidated alluvial aquifers, where groundwater is not much affected by arsenic, show some respite. However, here also the economic affordability to have a hand pump to utilise groundwater comes in the way of a substantial proportion of households forcing them to depend on unsafe surface water sources like ponds and wells, or queue in front of the community water taps. Census of India (2001a) data reveals that about 8% of population in urban centres in the country drinks water from unprotected sources. The location of sources of drinking water of domestic households is also a concern more so in the eastern flank of the country (Figures 1 and 2) , outside the Gangetic basin. The Census of India (2001a) data shows that at all-India level 9.4% of the households have sources of drinking water 'away from premises' (100 metres away from house premise) while 25.2% have the sources 'near premises' (within 100 metres of house premise). In Madhya Pradesh, Chhattisgarh, Jharkhand, West Bengal, Orissa, Andhra Pradesh, Karnataka, Tamil Nadu and north eastern states (excluding Sikkim), more than one-fourth of the total domestic households depend on sources of water located near premises. Further, within these states more than 9% households also have water sources located away from premises. This indicates that a substantial opportunity cost urban domestic households in these states incur in collection of water (which we attempt to estimate in Section 3). There is also a considerable disparity among different category of towns in terms of households having access to safe drinking water supply. As per the Eleventh Five Year Plan (2007 to 2012), the average household access to safe drinking water in class I, class II, class III and class IV towns is 73%, 63%, 61% and 58%, respectively [Planning Commission, (2008) Shaban and Sharma, 2007) . However, a survey by Tata Institute of Social Sciences (TISS) shows that the actual water received by the domestic households in these two cities on an average in March 2005 was 90 lpcd and 95 lpcd respectively (Figure 3 ). Further the survey shows that in Greater Mumbai, Delhi, Kolkata, Hyderabad, Kanpur, Ahmedabad and Madurai the average per capita water availability is far below the recommended supply by the Bureau of Indian Standard and other agencies (see Shaban and Sharma, 2007) . The supply in the abovementioned seven cities is also lower than the water availability in other cities in the world like Munich, Amsterdam, Sydney, Tokyo, etc. (see Figure 3) . Further, about 65% of the household in these seven cities are water deficient even at a 100 lpcd benchmark. Even the statistics compiled by the ADB shows that out of 20 cities, six cities (Amritsar, Bangalore, Bhopal, Chennai, Indore, and Nashik) are water distressed. The differences between per capita water supply figures of cities by TISS and ADB (see Table 2 and Figure 3 ) are due to the fact that they have used different methodologies for estimation. The TISS survey is based on household survey, i.e., on what actually the end users or households receive, while the ADB's figures are based on estimated per capita supply, i.e., total water supply divided by total population. There are considerable differences across the cities between the ADB data of per capita water supply and TISS data about the quantity of per capita water received by households. Even the water pilferage figures claimed by cities are not sufficient to bridge this gap. There is a possibility that cities are claiming the volume of water supply much more than they actually do. In a majority of Indian cities, a large proportion of total water supplied remains unaccounted for or is pilfered ( Table 2 ). The proportion of total metred connections in the cities is abysmal that allows significant unaccounted use. The unit production costs in some of the cities like Bangalore, Indore, and Chennai are extremely high and therefore the tariff rates are also kept higher. It is expected that as the volume of available water declines and water demand increases, the unit production cost will further rise making water out of the reach of lower section of population or necessitating an expenditure of substantial share of their income on water. As most of the cities in longer run are to be dependent on the surface water, which would be needed to be transported from far off sources, the cost of supply is expected to rise substantially in future.
In terms of tap and safe water supply in urban centres, western and southern Indian states perform better (Figures 4 and 5) . The states situated in Gangetic basin like Uttar Pradesh and West Bengal also have higher proportion of households covered under safe drinking water supply mainly due to reliable groundwater supply. Bihar due to higher rate of poverty is yet to substantially utilise its groundwater for assuring urban households with safe drinking water. However, it is also important to note that the overuse of the groundwater in many parts of Bihar and West Bengal has resulted in an arsenic contamination and as such has become unfit for human consumption. The arsenic contamination may further expand in space and intensity due to increasing withdrawal making groundwater unsuitable for consumption in large part of eastern Uttar Pradesh, Bihar and West Bengal. 
Water supply within cities
The availability within cities among different neighbourhoods is also of a huge concern. "For a large segment of urban population gaining access to reasonable amounts of water of decent quality when and where they need it, and at the costs that they can afford are daily worries" [Lundqvist et al., (2003) p.6] . Within cities, the supply is more determined on the class line and it is the lower section of population living in slums, poor neighbourhoods and peripheral areas who suffer the most. While the supply of huge quantity of water to upper class neighbourhoods, hotels and swimming pools at the subsidised rates goes on, a significant proportion of the lower section of population which needs clean water at the lower rate is often forced to depend on the unclean water marketed by the private players.
Not much statistics on intra-urban or inter-neighbourhood water supply is available for cities in India. However, the data available from sample surveys of domestic households in seven major cities in the country by TISS provide a glimpse into the problem. From the survey, it is found that more than two-third of the households in all the seven cities remain water deficient (get less than 100 lpcd), and the situation in slum and LIG areas is particularly acute (Table 3 ). In sum, the distribution of water among various classes within urban centres is a story of adequacy and inadequacy. Those who can afford to buy water get more than they require at subsidised rate, while the poor struggle to quench their thirsts. 
Alarming levels of water pollution and limited after use
Water pollution is an important cause behind diminishing potable and usable water supply. Added to this is the limited after use or recycling. In fact, these two aspects have been poorly focussed and attended dimensions of the problem both from academic community and in policy and practise frameworks. Unplanned and unregulated disposals of wastes (solid and liquid) in and around urban centres pollute surface and groundwater.
As the recycling and reuse is very low within households and in industries, the volume of waste-water and effluents increase more or less in proportion to the water use (Lundqvist et al., 2003) . Added to this are also agricultural effluents brought from upstream. The discharge of sewage into the Arabian Sea has polluted Mumbai's creeks. Currently, Mumbai city receives 2,900 million litre of water daily (MLD), of which, 80% or 2,320 MLD is discharged as sewage [Lewis, (2010a), p.7] . In fact, every river that passes through a major town in the country gets converted into drain of filth and garbage. Delhi pollutes the Yamuna, while Kanpur and Varanasi drain sewage, filth and human bodies into the Ganges. A recent report of Central Pollution Control Board (CPCB) states that the Yamuna's water is full of excreta and river itself resembles a drain. Test conducted on the sample taken on 4 May 2009 from the Yamuna, by the CPCB found the faecal coliform count in the water 4.4 lakh per 100 ml, that is 100 times above the level considered safe even for bathing. The dissolved oxygen in the water was nil, and other pollutants were equally above the safe level [see Mahapatra, (2010) , p.14]. The ground and surface water are often common pool resources and so one encounters tragedy of these commons both in terms of their pollution and withdrawal. The non-availability of tap water in required quantities and duration, invariably leads households to shift to groundwater. The declining groundwater also increases possibility of contamination by salinity, fluoride, nitrate and arsenic as is observed in Delhi, Chennai, Kolkata, and Udaipur, where the aquifers have been depleted on significant scales. Even in coastal cities like Mumbai the groundwater decline ranges between 0.11 metre per year at Churchgate and 0.38 metre per year at Aarey Milk Colony (Lewis, 2010b) . Leave aside the contamination by heavy metals of groundwater in and around cities, the distilleries in Punjab (in Dera Bassi, Pathankot, Hamira and Gurdaspur) have polluted groundwater to the extent that in significant areas around the distilleries the groundwater is like booze (with high content of alcohol) [Yadav, (2010) 
Thus, maintenance of quality of water, besides its quantity, is another major challenge before the burgeoning cities. Overwhelmed with basic issue of quantity, the cities do not give much attention to water quality. The old and damaged distributional networks also pose threat to quality of supplied water, besides huge quantity being lost due to leakages. It is often found that the sewage water get mixed with drinking water and the situation specially worsens in rainy season when probabilities of contamination further increases due to congestion of drains. Maharashtra State Public Health Laboratory tested piped water supply in 22 urban centres during April 2009 to February 2010 and found most of the samples contaminated with excessive faecal coliform, bacteria found in excreta [Isalkar, (2010) , p.1]. Of the 18,755 samples taken from Mumbai, about 26% (4,783 samples) were found unfit for drinking. The areas that reported maximum contamination were in south Mumbai and the suburbs where pipelines are older and therefore prone to leaks. In Nagpur, 23% of the samples were found contaminated [Isalkar, (2010) , p.1]. As discussed earlier, the recycle and reuse of water is extremely limited in Indian cities (Table 4) . Even the treated water are not reused but disposed. Only a few examples of recycle and reuse of water exist and those are often quoted as models. For instance, a Rs 32-lakh toilet constructed by the Kulgaon-Badlapur Municipal Council (KBMC) with the help of Mumbai Metropolitan Region (MMR) environmental society recycles and reuses human excreta and household wastewater [Tembhekar, (2010), p.9] . The large scale adoption of such models in urban India is still a dream. 
Possibilities of augmentation of water supply
The cities and towns in the country require augmentation of water supply on urgent basis. However, in most of the urban centres the possibility of augmentation of water supply is not only quite limited but is also complicated. The easily exploitable water resources have already been tapped and thus surface and grounds water resources are either largely depleted or fully exploited. The augmentation possibility to some extent exists through transportation of water from distant sources. Further, the augmentation of water supply to cities cannot be without use of force, capture and command, or significant rural-urban or regional disputes. The major cities in the country are now expanding their limits in terms of capture and command of water resources of catchments areas, depriving upstream and downstream communities dependent on the resources for their livelihoods. Supply of water to Mumbai from far off lakes/rivers like Vaitarna, Tulsi, Bhatsai, to Delhi from Tehri dam, Upper Ganga Canal and Yamuna River (Soni, 2003) , and proposals to pump water to Bangalore from Cauvery IV project (from 100 km to the city), to Chennai from the Krishna river located 200 kms away, and Hyderabad from Manjira (Narain, 2010) are some examples in this context. The challenge to amicably resolve emerging disputes between urban centres and rural/catchment areas are also going to be very important. The dispute between Haryana, Delhi and Uttar Pradesh on sharing of the Yamuna river water is suitable example in this context. The rising demand of Delhi is being objected to by farmers of Uttar Pradesh and Haryana. Haryana and western Uttar Pradesh have a strong interest in their water resources. These regions have been cradles to the introduction of the green revolution in India and also have booming industries. Similarly, appropriation of lakes and rivers by Mumbai in its catchment area has badly affected the communities depending on these water bodies for their livelihoods. General patterns till now have been that the urban centres win in such cases due to their strong political and economic influence. The concerns for livelihood of traditional communities have largely remained unattended and unresolved. However, as the problem is growing in magnitude and space, it may be difficult for urban centres to appropriate and command the catchments/rural water sources without making them a partner in the development process. Urban water security can therefore not be seen in isolation from basin security, i.e., what is acceptable to rural populations and interests [Lundqvist et al., (2003), p.6] . For cities located in coastal areas, desalinisation of sea water is one option, but water refining cost is still very high, around Rs.6.5 per litre in case of reverse osmosis (Balakrishnan, 2010) . Inter-basin water transfers are rare possibilities and hardly ecological impact free and may create additional socio-political disputes.
To supply water among neighbourhoods on equitable basis, the ULBs need to expand the infrastructure at the pace population is growing. However, the local bodies are often reluctant to expand infrastructure and supply water in unregulated and peripheral areas. Further, heavy subsidies on water (even to upper class residence) mean that the sector has a low level of autonomy and that the financial and other required resources are simply not sufficient to expand and maintain the infrastructure. The corruption is also rampant: the public distribution system water is sold to private water vendors by the officials of ULBs and pirated by the water mafias to sell mostly to the urban poor.
The augmentation of existing supplies from other methods and management techniques like rainwater harvesting and adopting proper methods to recharge groundwater and thus preventing declining supplies from groundwater, no doubt are very essential to meet the challenge. However, the water harvesting which can significantly help in augmenting the water supply is still to find a large scale adoption (a considerable scope for water harvesting exists in Indian cities through recharge-wells, and collection and use of roof and compound water for non-drinking purposes like washing cars, gardening, etc). Available data reveal that none of the major cities in the country see water harvesting as a major method of water augmentation, but the capture and command of surface or groundwater (Shaban and Sharma, 2007) . Water insecurity of a substantial share of urban households can be overcome by preventing pilferage of water from supply systems (as has been shown in Table 2 , about 20% to 30% of the water in major cities remains unaccounted for). The demand side management of water is equally important. It has been observed that a substantial quantity of water get wasted due to careless attitude of consumers or the use of older technologies.
Impact of water scarcity and opportunity cost
The collection from a distance and buying of water sucks a significant amount of time and income of urban households and mainly of those from the poorer section. Carrying and transporting of water on head mainly by women and girls impact their health and also keep children out of schools, as they collect water for family while their elders struggle for earning daily livings. The consumption of unsafe water from public (e.g., contamination of drain water with drinking water due to leaking or worn out water supply pipes; dumping of chemicals near public hand pumps and consequent contamination of groundwater) and private (e.g., unclean water containers/tankers through which water is supplied and hand pumps taping polluted aquifers) sources causes diseases and that further takes toll on the limited daily earnings of the families. In fact, for many families in cities one ill-health episode is enough to push them into poverty. For them diurnal poverty is a fact of life and they nudge into and out of the poverty on daily basis.
For people living at the end of the distribution system, pressure in the water supply pipes remains low with repercussions on both quantity and quality of water. With intermittent supply or without access to public provisions, people have to resort to other solutions or combination of solutions, like using groundwater with tap water or purchasing water. They have to incur extra cost for buying, storing (space and containers), and collecting water. The public sector deficiency produces water mafia (who are generally the contractors employed by the local bodies to supply water to the areas lacking water supply or to the persons/organisation needing extra quantity of water due to nature of their activities, and as such these mafias are able to pilferage public water using their established contacts with officers from local bodies and police personnel) and also leads to profiteering by water packaging companies. Thus, the household resources from the poorer section which otherwise could have been spent on productive assets or consumption of other goods and services are diverted to purchase of water. The lack of easy access to water in combination with inferior quality contributes to high rates of morbidity, premature deaths and associated human sufferings. For Indian urban centres, an index showing 'disability adjusted life year' suggest that about 30 million life years are lost annually due to poor water quality, sanitation and hygiene (Lundqvist et al., 2003 ).
An attempt has been made below to arrive at the opportunity cost of collection of water by households from away and near premises using data from Census of India (2001a). A number of assumptions haves been made in this regard: a water sources on an average are located 50 metres away in case of 'near premises' and 150 metres away in case of 'away from premises' [in urban centres, the water sources located outside house premises but within 100 metres are classified as 'near premises', while those located more than 100 metres away are classified as 'away from premises' by the Census of India (2001a) Based on these assumptions the opportunity cost has been estimated. However, one is aware about the limitation of this method as important aspects like loss of education (as children collect water instead of attending schools) which impairs individual's social and economic mobility in long run are not taken into account. As can be seen from Tables 5 and 6 , the opportunity cost of water collection is enormous in urban centres in India. At 40 lpcd, the estimate show that on an average the urban households lose Rs.114,715 million per year as opportunity cost to water collection. At 100 lpcd the opportunity cost rises to Rs. 215,338 million per year. In comparison to these colossal figures of opportunity cost, the estimated total outlay to the water supply and sanitation in urban areas during the Tenth Five Year Plan (2002 to 2007) was Rs.196,490 million, that is on an average only Rs.39,298 per year during the plan period [Planning Commission, (2008), p.167] . In Eleventh Five Year Plan (2007 to 2012) the outlays for the water supply and sanitation has got major thrust and 63 cities under Jawaharlal Nehru Urban Renewal Mission (JNNURM) would receive Rs.400,000 million during the plan period for the sector, that is on an average Rs.80,000 million per year. The remaining 5,098 towns will receive funds under Urban Infrastructure Development Scheme for Small and Medium Towns (UIDSSMT) [Planning Commission, (2008), p.170] . Assuming that these are the poorer section of population in the urban centres that have to collect water from 'away' and 'near' sources, the opportunity cost figures also explain why urban poor stay poor. , 2008) . This, as shown and discussed below, also coincides with the region of higher urbanisation rate and location of major and majority of towns. The urban centres located in indo-Gangetic plain and Brahmaputra valley draw their water mainly from perennial rivers emerging from glaciers of the Himalaya. The ice mass covering the Himalayan -Hindu Kush mountain range is the third largest in the world, after the polar icecaps. These glacial masses store precipitation in the form of snow and ice, regulating water distribution and providing continuous flows during the dry months (World Bank, 2010) . The Himalaya serves as water tower for northern India. Climate change may aggravate the rainfall variability that can drastically change the hydrological system in North India. The Ganges river basin alone is home to some 500 million people and has a number of towns, many located on its banks. The massive concentration of population in river basins, compounded by higher and persistent poverty rates illustrates the vulnerability of the region to possible hydrological shocks and longer-term climate change (World Bank, 2010) . The seasonal fluctuation that may appear in supply due to glacier decline will also impact groundwater recharge and hence groundwater quality and availability. South and mid-Indian cities are more dependent on the monsoon and its timely arrival. Due to low rainfall in 2009, Mumbai got 30% less water from its lakes. In fact, any deviation from normal arrival and lower rainfall for two consecutive years may play havoc with urban living.
In India, urbanisation is higher and rapid in low rainfall areas (Figure 6 ), and most of the class I towns are located in the belt of 40 to 100 cm rainfall mainly between 9°N to 32°N latitude and 72°E to 82°E longitude (Figure 7 ). This belt also largely coincides with the upper reaches of the major streams, and this means that water supplies in the rivers are relatively low. The low and moderate rainfall areas are most susceptible to climate change (decline in rainfall) and that can lead to considerable urban chaos with regard to water supply. Increased migration to urban areas from rural areas due to adverse impact of climate change on agriculture may further exacerbate the water insecurity. Groundwater is a major source for water supply to medium and smaller towns in northern India (Patel and Krishnan, n.d.) . The over-withdrawal has already affected groundwater level and contaminated it in many parts. Also, except in Indo-Gangetic plain, the aquifers are not promising high yields. The rapidly rising population will necessitate that these towns also shift to surface water sources. In peninsular India, towns are located mainly on hard rock (basaltic and crystalline formations) and therefore show high dependence on surface water (see Figure 8 ). This makes southern Indian towns highly vulnerable to rainfall variability than northern Indian towns. 
Conclusions
Among the environmental resources, perhaps it would be the lack of availability of fresh water that will create formidable challenge to human existence and sustenance of economic activities in coming days in large part of the world. Urban centres due to concentration of large population in small geographic areas may specially be affected by the lack of fresh water supply. In case of India, the supply and availability of water in urban centres are already grim, and disparity between neighbourhoods and economic classes of population are acute. Through capture and command, the major urban centres have already appropriated water sources meant for traditional livelihood and communities living around the sources. Any further large scale capture and command will not be without possibility of rural-urban, inter-community, inter-state, and international disputes. The climate change implications for water availability to the urban centres in India are also serious. Any change in monsoonal pattern may render India a sub-tropical desert. The urban centres dependent on rivers fed by the Himalayan glaciers in northern Indian may face enormous challenge due to exhaustion of the glaciers and conversion of perennial rivers into seasonal streams. The urban centres of peninsular India can be seriously affected by variability in rainfall. Even two years of regular failure of monsoon can require depopulation of the cities. The emerging situation requires balancing of development objectives and environmental concerns. And as such, among others, smaller and disperse urban centres based on hydrological and climatic realities would be ecologically more-sustainable and also socially more just.
